Background: For the study of exotic nuclei it is important to have an optical model potential, which is reliable not only for stable nuclei but can also be extrapolated to nuclear systems with exotic numbers of protons and neutrons. An effective way to obtain such a potential is to develop a microscopic optical potential (MOP) based on a fundamental theory with a minimal number of free parameters, which are adjusted to describe stable nuclei all over the nuclide chart. Purpose: The choice adopted in the present work is to develop the MOP within a relativistic scheme which provides a natural and consistent relation between the spin-orbit part and the central part of the potential. The Dirac-Brueckner-Hartree-Fock (DBHF) approach provides such a microscopic relativistic scheme, which is based on a realistic nucleon-nucleon interaction and reproduce the saturation properties of symmetric nuclear matter without any adjustable parameter. Its solution using the projection technique within the subtracted T-matrix (STM) representation provides a reliable extension to asymmetric nuclear matter, which is important to describe the features of the isospin asymmetric nuclei. Therefore, the present work aims to perform a global analysis of the isospin-dependent nucleon-nucleus MOP based on the DBHF calculation in symmetric and asymmetric nuclear matter. Methods: The DBHF is used to evaluate the relativistic structure of the nucleon self-energies in nuclear matter at various densities and asymmetries. The Schrödinger equivalent potentials of finite nuclei are derived from these Dirac components by a local density approximation (LDA). The density distributions of finite nuclei are taken from the Hartree-Fock-Bogoliubov (HFB) approach with Gogny D1S force. An improved LDA approach (ILDA) is employed to get a better prediction of the scattering observables. A χ 2 assessment system based on the global simulated annealing algorithm (GSA) is developed to optimize the very few free components in this study. Results: The nucleon-nucleus scattering calculations are carried out for a broad spectrum n and p scattering experiments below 200 MeV with targets ranging from 12 C to 208 Pb. The scattering observables including the neutron total cross section, proton reaction cross section, elastic scattering angular distribution, analyzing power and spin rotation are evaluated and compared with the experimental data, as well as with results derived from the widely used phenomenological KoningDelaroche (KD) global potential. Conclusions: Results with the present relativistic MOP satisfactorily reproduce the n, p + A scattering observables over a broad mass range and a large energy region only with the free range factor t in ILDA and minor adjustment to the scalar and vector potentials around the low density region, and the relevant potentials are physically well-behaved. The overall agreement indicates that the present MOP may have predictive power for unstable nuclei, as well as the nuclei beyond the line of β stability.
I. INTRODUCTION
The nuclear reaction of unstable nuclei is of high interest in the contemporary fundamental physics as well as applied nuclear physics. The corresponding information from experimental data is always too sparse or totally lacking. Therefore, during the past few decades, consid-erable effort has been made to explore the nuclear reaction based on a fundamental microscopic nuclear theory so as to obtain more reliable prediction.
The optical model is the crucial component in the nuclear reaction study, mainly because it determines the cross section for nuclear scattering and compound nuclear formation in the initial stage of a reaction and supplies the transmission coefficients for branching into the various final states [1] . Many observables such as the elastic scattering angular distribution, analyzing power, spin rotation function and so on can be derived through the optical model. Therefore, the most important criteria to assess a microscopic optical potential (MOP) is that it can reproduce the existing experimental data of these observables as accurate as possible, and make a reliable prediction without experimental guidance. Furthermore, the MOP is more appealing when it is established on better theoretical grounds with a small number of free parameters.
In the direct evaluation for MOP of finite nuclei an attempt is made to evaluate the scattering and absorption processes using a many-body theory for the target nuclei which goes beyond mean field theory and incorporates e.g. the effects of particle-vibration couplings. These studies typically employ an effective nucleon-nucleon (N N ) interaction (e.g. Skyrme interaction or Gogny interaction). Recently, several investigations for finite nuclei have been reported [2, 3] , however, it seems still infeasible to derive the MOP for all nuclei, which are of interest e.g. in the field of applications of nuclear physics. In addition the specification of a sound nuclear structure for targets, especially for exotic nuclei remains to be progressed. Using phenomenological N N interactions such calculations are designed to derive the nuclear structure and the MOP from the same interaction model. A drawback of this scheme is phenomenological and fitted to describe these data.
On the other hand, various attempts have been made to derive the MOP from a realistic model of the N N interaction, which means an interaction designed and fitted to describe the N N scattering data. Such studies often use the system of nuclear matter to determine the effects of correlations and evaluate the medium dependence of the resulting effective interaction for nuclear matter. The nuclear matter results are then used in various kinds of local density approximation (LDA) to be applicable for finite nuclei. The review article of Ray et al. discusses various approximation schemes along this line [4] .
Pioneering work along this line has been presented by Mahaux and coworkers [6] who evaluated the nucleon self-energy in nuclear matter as a function of density and energy in a Brueckner Hartree Fock (BHF) approximation and identified the resulting complex singleparticle potential with the MOP for finite nuclei using LDA adopting nucleon density distributions from the empirical formula or microscopic nuclear structure calculations. One drawback of this scheme is that typically one has to use an interaction model for the evaluation of the density profile of the nuclei which is different from the realistic interaction used to calculate the self-energy in nuclear matter as BHF calculations fail to reproduce the empirical saturation properties for nuclear matter and finite nuclei. In a simplified way, some MOPs have been developed by adopting the effective N N interactions (e.g. Skyrme force) in the Hartree-Fock approach in nuclear matter and LDA for finite nuclei [5] .
Another handicap of this approach is the fact that this approach only provides the central part of the MOP, the spin-orbit potential has to be adjusted independently from the central potential in such a non-relativistic approach. Nevertheless this scheme has been applied with quite some success by Jeukenne, Lejeune and Mahaux already in the 1970s [6] and is still rather popular today.
Also the so-called g-folding method developed by Amos et al. [7] is based on a realistic N N interaction and uses a local density approximation to account for the medium dependence of the effective interaction. In this case, however, it is the N N interaction, which is evaluated by solving the Bethe-Goldstone equation in nuclear matter and then employed in a folding calculation to evaluate the MOP for finite nuclei. The g-folding approach has very successfully been applied to reproduce differential cross sections and spin observables in an energy range from 30 MeV to 300 MeV in several nuclei without any adjustment of parameters [7] [8] [9] [10] [11] [12] [13] .
The Mahaux scheme as well as the "g"-folding method are based on a non-relativistic approach and the energydependence of the MOP originates from the energydependence of the effective interaction g calculated for nuclear matter in the BHF approximation.
An alternative approach is based on the Dirac phenomenology as it has been introduced by Walecka and coworkers [14] . Within this Dirac phenomenology the nucleon self-energy contains a large and attractive component, which transforms like a scalar under a Lorentz transformation compensated to a large extent by a repulsive Lorentz vector component. If one reduces the corresponding Dirac equation for the nucleon in the nuclear matter medium to a non-relativistic Schrödinger equation, one obtains a Schrödinger equivalent potential with a central potential which is energy dependent and a strong spin-orbit term.
An application of this Dirac phenomenology to describe the optical model potential has been presented by Cooper et al. [15] . They developed a phenomenological parametrization of the real and imaginary parts of the scalar and vector potentials. Fitting the corresponding parameters, which depend on energy and mass number of the target nucleus, they obtain a very good global fit of the optical model potential.
A comparison of the rather successful but very different approaches to a global optical potential, the g-folding method and Dirac phenomenology, has been made by Deb et al. [10] . They evaluated differential cross sections and spin observables for nucleon nucleus scattering on five different targets ranging from 12 C to 208 Pb at energies of 65 and 200 MeV using both approaches and conclude that the results are of similar quality.
It is one aim of the Dirac Brueckner Hartree Fock (DBHF) approach, to combine the features of a realistic N N interaction and its dependence on the medium, as they are contained in the Mahaux approach and the "g"-folding model with those of the Dirac phenomenology [16] . This approach is founded on a realistic N N interaction and the treatment of nuclear correlations and the medium dependence of the effective N N interaction is done in straight analogy to the Mahaux approach and the g-folding method. The DBHF approach, however, keeps track of the relativistic structure of the nucleon self-energy and therefore one can determine the real and imaginary part of the scalar and vector component of the nucleon self-energy in nuclear matter as a function of momentum, density and energy. These components are then used to evaluate the corresponding MOP using LDA for these components of the self-energy in straight analogy to the Mahaux scheme.
In this way, the spin-orbit potential arises naturally from the coherent sum of the contribution from the scalar and vector potentials in this relativistic scheme, and the saturation properties of symmetric nuclear matter are reproduced in the relativistic Dirac Brueckner-HartreeFock (DBHF) approach, while three-nucleon forces have to be introduced to obtain a corresponding result within the non-relativistic BHF approximation [17] [18] [19] . Therefore it seems rather attractive to determine a microscopic optical model based on the DBHF approach as finally one may be able to describe the ground-state properties of nuclei and the MOP within the same theoretical framework.
For a long period it has been a challenge in theoretical nuclear physics to solve the Brueckner-Hartree-Fock in the relativistic way, especially for isospin asymmetric nuclear matter. In recent years substantial progress has been obtained using a so-called subtracted T-matrix (STM) representation in the projection technique to solve DBHF strictly in the symmetric and asymmetric nuclear matter [20] .
In a preliminary study we have explored the isospin dependent relativistic microscopic optical potential adopting the self-energies from this DBHF calculation in [16] . This MOP has been verified by satisfactorily reproducing the neutron and proton scattering data from 27 Al. In this work, a systematic investigation for this MOP is performed in a large range of nuclei. The microscopic radial nucleon density of finite nuclei based on the Hartree-Fock-Bogoliubov (HFB) calculation are adopted in this calculation instead of the previous empirical values. Meanwhile, a χ 2 assessment system based on the global simulated annealing algorithm (GSA) is specially designed to optimize the free factors and give an overall estimation on the performance of this MOP.
The paper is composed as follows. In Section II, the general formalism of DBHF is briefly introduced. The isospin dependent relativistic MOP of finite nuclei are built in Section III through combining the self-energies and the microscopic radial nucleon density by the improved local density approximation (ILDA) [6] . The global analysis of nuclear scattering is carried out in Section IV for neutron and proton scattering and induced reactions on 12 C -208 Pb and the calculated results are compared with the calculated results with the widely-used phenomenological Koning-Delaroche (KD) global optical potential [21] and the experimental data of various scattering quantities. Finally, the overall discussion is summarized in Section V.
II. SELF-ENERGY IN NUCLEAR MATTER
Realistic N N interactions contain strong short-range and tensor components. Therefore it is necessary to account for the corresponding correlations between the interacting nucleons. In the relativistic Brueckner-HartreeFock approach this is achieved by considering the equation for two interacting nucleons in nuclear matter. This leads to the ladder approximation of the relativistic Bethe-Salpeter (BS) equation [20, 22] ,
where T is the nucleon-nucleon interaction matrix in the nuclear medium and V is the bare N N interaction, respectively. The Pauli exclusion principle is included by the Q operator and the in-medium nucleon propagation of the nucleons is described by the Green's function G, which fulfills the Dyson equation,
G 0 denotes the free nucleon propagator, and the selfenergy term Σ is defined in first order of the effective interaction T through the following standard HartreeFock equation
Note the self-energy contains the direct and exchange terms at the same time, and that the momentum integration considers all nucleon states within the Fermi sea represented by F in Eq. 3. Because Eqs. 1-3 are strongly coupled, they have to be solved iteratively until convergence is reached. Generally, the Lorentz structure of the relativistic selfenergy Σ can be expressed as [23] ,
In this equation, Σ s is the scalar part of self-energy, Σ 0 and Σ v denote the time-like and space-like terms of the vector part, respectively. The superscript m is used to sign the proton and neutron since they should be distinguished in isospin asymmetric nuclear matter. Note that these components of the self-energy are functions of the nucleon momentum (k), density or Fermi momentum (k F ), and asymmetry parameter β = (ρ n -ρ p )/ρ, where ρ n , ρ p and ρ indicate the neutron, proton and total densities in nuclear matter, respectively.
Details of such DBHF calculations and the method to extract these Dirac components using the subtracted Tmatrix (STM) representation are described in [20, 24, 25] . The self-energies used in the present study are determined using the Bonn-B potential [26] for the bare N N interaction and solving the DBHF equations for isospin asymmetric nuclear matter with various densities and isospin asymmetries.
III. RELATIVISTIC MICROSCOPIC OPTICAL POTENTIAL IN FINITE NUCLEI
In the relativistic scheme, the wave function of an incident particle described in terms of a Dirac spinor Ψ is obtained by the solution of the corresponding Dirac equation, 
and ε = E + M is the single particle energy, E is the kinetic energy of the nucleon in the free space and M indicates the mass of the nucleon. In order to calculate the scattering observables of finite nuclei this Dirac equation is typically reduced to a Schrödinger type equation by eliminating the lower components of the Dirac spinor in a standard way. The equation for the upper components of the wave function is transformed into: 
where V c is the Coulomb potential for a charged particle and D denotes a quantity defined as
The radial potentials in finite nuclei, namely V (8)- (9), can be associated with the scalar U s and vector U 0 in nuclear matter through the local density approximation (LDA) using the local nucleon density ρ(r) for the nucleus considered. In this work, a finite range correction in Gaussian form is adopted in LDA to further remedy the potentials to obtain the better prediction of the scattering experimental data, that is the so-called improved local density approximation (ILDA),
where t is an effective range parameter of the potential U LDA in normal LDA approach at radius r ′ . It is included to account for a finite-range correction of the nucleon-nucleon interaction, which is not incorporated in the DBHF calculation. They modify the radial distribution of V cent while keep its volume integral constant. The potential U LDA is related to the U s and U 0 in nuclear matter by
and U N M represent the corresponding potential in nuclear matter using the isospin asymmetry β of the target nucleus and the momentum k and energy E of the incoming nucleon. In our present studies we adopt the radial nucleon density, ρ(r), from the Hartree-Fock-Bogoliubov (HFB) approach with Gogny D1S force [27] , instead of the empirical values by the Negele's formula [28] , which has been employed for our pilot study [16] .
In Fig. 1 , we compare the radial density and asymmetry distributions for 208 Pb as derived from HFB approach and the empirical formula. The radial densities obtained in the HFB approach show oscillations in the interior of the nucleus, which reflect the structure of the singleparticle wave functions. Note, however, that the oscillations are smoothed out to a large extend in the ILDA potentials by the finite range correction of Eq. 10. Also note the enhancement of the neutron density in the surface of the nucleus in the microscopic calculation. This neutron skin leads to large isospin asymmetries as presented in the left panel of Fig. 1 .
In addition, as for this microscopic optical potential, the applicability of the theory should be indicated that the formalism does not include the coupling to giant resonances (10 MeV to 30 MeV) and the compound nucleus formation (< 10 MeV), which has been discussed before and stressed in e.g. [7] . At the low energies, we include the compound nuclear contribution to the elastic differential cross sections by the Hauser-Feshbach statistic theory through the optical model code APMN [29] , which employs the Hauser-Feshbach model to determine the contributions from the compound nuclear elastic scattering by concerning six competing single-particle emission reactions, including neutron, proton, deuteron, tritium, α, and 3 He. The formation of giant resonances will further discussed in other future work. 
IV. GLOBAL ANALYSIS OF NUCLEON-NUCLEI RMOP
A. Dirac potentials in the density region relevant for finite nuclei
It is the aim of this work to generate an optical potential, which has a microscopic basis and reproduces bulk features of nucleon-nucleus scattering for nuclei across the whole nuclide chart. The microscopic basis of these calculations originates from the real and imaginary parts of the Dirac components, U m s and U m 0 , of the nucleon self-energies calculated in the DBHF approach for symmetric and asymmetric nuclear matter. Such DBHF calculations, however, yield reliable results only for densities ρ > 0.08 fm −3 . The procedure to derive self-consistent DBHF results does typically not converge at lower densities. This reflects the situation that homogeneous nuclear matter is unstable at such low densities with respect to the formation of an inhomogeneous density profile containing nuclear clusters. In particular the solution of the T -matrix of Eq. 1 yields bound states in the deuteron channel.
For the derivation of the optical model potential for finite nuclei, however, we also need results at densities ρ < 0.08 fm −3 . Therefore we have to extrapolate the results to these low densities with the natural constraint that the Dirac potentials U m s and U m 0 vanish at ρ = 0. A linear interpolation of these Dirac potentials between ρ = 0.08 fm −3 and ρ = 0 might be too simple. Therefore we have introduced auxiliary mesh-points at ρ = 0.04 fm −3 for the real parts and at ρ = 0.04 and 0.06 fm −3 for the imaginary parts. The values of the linear interpolation at these auxiliary mesh-points is then enhanced by a factor f 1 for the real part and a factor f 2 for the imaginary part. Typical value for these enhancement factors (f 1 , f 2 ) are (0.86, 1.14) (see description of fitting procedure below).
Since the evaluation of the spin-orbit and Darwin potential (see Eq. 8) requires the calculation of derivatives of the Dirac potentials with respect to their density dependence, it is favorable to determine a simple interpolation scheme, which is valid for all densities entering into the calculation. Therefore we have chosen to represent the density-dependence of the Dirac potentials in terms of a polynomial fit with a polynom of degree 5 for the real part and a polynom of degree 7 for the imaginary part. The coefficients of these polynomials are determined to fit the results at all calculated densities, including the auxiliary mesh points mentioned above.
As an example we present in Fig. 2 values for the real and imaginary parts of the Dirac potentials U depend in a very strong but also rather smooth way on the neutron-proton asymmetry parameter β at all nuclear densities, as can be seen from Fig. 2 .
Meanwhile, the potentials at a given density between 0.0 and 0.07 fm −3 are established with the requirement to maintain the natural tendency of microscopic DBHF curves. More details about this system will be introduced later in this section.
B. RMOP optimization
As mentioned above, one of the main criteria to evaluate a good optical model potential is that it can well reproduce as many of the measured scattering observables as possible. Thus, how to optimize the present microscopic potentials to predict the available experimental data sets is an important issue. Optimization procedures have widely been discussed in the literature of the optical model [21, 30] . Most of them obtain the parameters through minimizing a certain χ 2 value, given for example by
where σ exp i
is the ith experimental point, σ cal i
is the corresponding calculated result, and P indicates the total number of experimental data in our consideration. In this study, the effective range factor t related to the Schrödinger equivalent potentials in Eq. 10, as well the Dirac potentials at density ρ = 0.04 and 0.06 fm −3 , remain to be determined in the optimization process. A χ 2 assessment system is specially designed to fulfill this optimization. We employ the global simulated annealing (GSA) method based on the Monte Carlo sampling in a predefined region of the free parameters. The value of χ 2 /N is adopted as the most important criteria for this optimization procedure. Here χ 2 is defined in Eq. 12, and N = P − F is the number of degrees of freedom with the total number of experimental data P and the number of free parameters F . It is known, however, that it is not possible to obtain a 'best-fit' through the numerical optimization procedure [21] alone, therefore a visual goodness-of-fit estimation evaluator is also incorporated in our optimization procedure.
Observables including the angular distribution (dσ/dΩ), analyzing power (A y ) for nucleon-nucleus elastic scattering as well as the neutron total cross section (σ tot ) and proton total reaction cross section (σ reac ) et al. have been considered in this optimization assessment system. In a first step the angular distribution of elastic scattering, dσ/dΩ, is taken into account to optimize the χ 2 /N between experimental data and our theoretical calculations. After the 'minimal' χ 2 /N value is achieved for dσ/dΩ, the other observables are then utilized in the visual goodness estimation for a further improvement of the MOP.
40 Ca and 208 Pb, for which a large number of experimental data of proton and neutron scattering were measured, are both double magic nuclei and they represent proper examples to cover a good range from isospin symmetric to asymmetric nuclei, therefore, they were selected in our MOP optimization procedure. Moreover, after optimizing the MOP using these data, we further test the potentials by predicting scattering observables of other nuclei. As a result, our optimization procedure for proton scattering yields a value of t = 1.35 fm with the value χ 2 /N of 0.29, which is a pretty good result in view of the 1028 points of dσ/dΩ in 18 different experimental data sets. Similarly, we get an optimized t = 1.45 fm for neutron scattering reactions. These values are comparable to the range parameter t = 1.4 fm, which has been derived in our pilot study [16] focused on the target nucleus 27 Al.
C. Experimental database
The present MOP is assessed through a global prediction and analysis for the main observables of neutron and proton induced scattering reactions in a large mass region of 12≤A≤ 209 below incident energy 200 MeV. The most abundant natural isotopes are considered, and nuclei with even as well as odd mass numbers are incorporated.
As well known, EXFOR library is a comprehensive database to gather the nuclear reaction measurements in the world [31] . The experimental data adopted in our analysis are all referred in this library. The details of measured elastic scattering angular distribution are specified in this paper by the first author and published time, which are shown in Table I-II for neutron induced reaction and Table VI for proton incident reaction according to the diversified target nuclei. Other measurements like neutron total cross section and proton reaction cross section are also depicted in the same way in figures.
D. Results for neutron scattering
About 500 sets of elastic scattering angular distributions, 30 sets of analyzing power angular distributions, and 20 sets of total neutron cross sections for 32 different targets are involved in this systematic comparison. The present calculations are compared with experimental data and the results from the widely-used KoningDelaroche (KD) optical potential.
Because nucleon densities of very light nuclei are not described in a reliable way by means of the Hartree-FockBogoliubov approach, we take 12 C as the lightest target in this study. Overall, the predictions of the MOP are in rather good agreement with the experimental data as well as the results calculated by KD potential for such large mass and energy ranges. Meanwhile, it is also observed that the performance of global KD potential is satisfactory even beyond its application scope. The discussion is given in the following subsections in detail.
The neutron total cross section
The calculated neutron total cross sections of 12 
The elastic scattering angular distribution
As abundant experimental data are existed, we show more concern on dσ/dΩ in this MOP study. Overall, the predicted results are satisfactory even below the energy scope of application of MOP. As the examples, the calculated dσ/dΩ around incident neutron at 30MeV and 65MeV are plotted individually in Figs. 6 and 7 , where the present predictions coincide with experimental data and the KD results very well. More details for diversified nuclei are exhibited in the following contents.
Note that for neutron elastic differential cross sections, as, e.g., in Fig. 8 exhibit the same trends as can be observed in the microscopic optical potential. For some target nuclei like e.g. 27 Al both models yield a very small value for χ 2 /N while both models yield a rather poor result for other nuclei, like e.g.
12 C. The scattering on such nuclei is very much influenced by the existence of specific surface excitation modes, which cannot be described in terms of a global optical model (see discussion above). It is worth mentioning that the value for χ 2 /N for 40 Ca, which has been included in the fit procedure, is comparable to the corresponding value for the other nuclei, which have not been considered in the optimization procedure.
The visual comparisons of the present predictions for 12 C, 27 Al and 40 Ca with the experimental data, as well as those with KD potential are shown in Figs. 8, 9 and 10. An excellent agreement with experimental data for n + 27 Al is observed in Fig. 9 , as already indicated in the corresponding value for χ 2 /N in Table III . From the results displayed in Fig. 8 one can see that main contributions to the large value of χ 2 /N for 12 C originate from the deviations between measurements and theoretical results at the energies around E n = 7 MeV to 13 MeV. The results for 40 Ca by MOP is good except for a slight underestimation at energies 10 MeV -20 MeV around the angles Table  IV ). As an example we show our prediction for 56 Fe in Fig. 11 and compare it with the experimental data and the results of corresponding calculations using the phenomenological KD model. Over all our results show a fairly good agreement with the experimental data. The largest discrepancies occur for incident energies around 10 MeV to 20 MeV in a region of scattering angles between 30
o -90 o . In fact, this deviation appears throughout this mass region. gular distribution at scattering angels 30 o -60 o around E n = 20 MeV, which has been discussed above for 48 Ti-63 Cu also shows up for these nuclei. The results near the incident energy 20 MeV -30 MeV generally exhibit the underestimation around 50 o , which is illustrated also by dσ/dΩ for 208 Pb in Fig. 13 . Apart from these defects above, all the dσ/dΩ for other heavy target nuclei are reproduced in a very nice way.
The analyzing power
As mentioned above, it is the important feature of the relativistic description that the spin-orbit term can be naturally involved in the scheme without any additional parameter, which is beneficial to derive the spin-orbit observables A y (θ) and Q y (θ). The A y (θ) at incident energies around 10 MeV are selected to show the ability of predictions for 12 C, 40 Ca, 58 Ni and 208 Pb in Fig. 14 , and good agreements with the experimental data for all nuclei are obtained. (color online) Comparison of predicted dσ/dΩ (solid line) and experimental data (point) and KD calculation (dashed line) for n + 208 Pb.
E. Results for proton scattering
About 150 elastic scattering angular distributions, 65 analyzing powers, and reaction cross sections of 10 commonly targets have been included in our systematic comparison. The experimental database of dσ/dΩ is summarized in Table VI and depicted by the first author there. As for other quantities, the experimental data for plotting are introduced in the figures.
We compare the present calculations with the experimental data and KD results. As a whole, the various proton scattering observables are predicted satisfactorily using MOP just like its performance in neutron scattering reactions, the results are discussed in the following subsections. 
The proton reaction cross section
It is noticed that the experimental data of proton reaction cross sections, σ reac , are much less than σ tot for neutron both in quantity and in quality. Therefore, we also refer to the calculated σ reac by KD potential in the process of visual goodness-of-fit estimation. We sample the predicted σ reac for 40 Ca, 120 Sn and 208 Pb in Figs. 15, 16 and 17. It can be observed that the present calculations are good but only slightly overestimate the experimental values in the whole energy region. In some cases, such as p + 120 Sn in the lower energy region, this MOP looks better than the global KD. After comparisons, the maximum deviation between the predicted reaction cross sections and measurements is less than 20%.
The elastic scattering angular distribution
We collect the proton elastic scattering angular distribution just as the case for neutron. The dσ/dΩ of proton scattering from 6 nuclei, 28 Si, 40 Ca, 56 Fe, 90 Zr, 120 Sn and 208 Pb, around proton incident energy at 65 MeV are collected in Fig. 18 . The perfect agreement between the present calculations and experimental data displays the powerful prediction ability of this MOP. In addition, we also condense dσ/dΩ curves of various energies belonging to the same nucleus in one figure, as in Fig. 19 . Similarly, in these condensed figures, the curves and data points at the top are true values, while the others are offset by factors of 0.01, 0.0001, etc, and incident laboratory energies are in MeV. cross section dσ/dΩ, the resulting χ 2 /N of nuclei in this mass region are listed in Table VII . The values for 12 C and 28 Si are obviously larger than for the other nuclei. To explore the source of this discrepancy, we focus our discussion on 28 Si (see Fig. 19 ). It is observed that the theoretical results and the measurements are in good agreement within the entire angular region for incident energies E p < 120 MeV. At higher energies, however, our predictions tend to underestimate the data for the differential cross section. This feature is the main resources to cause the poor χ 2 /N . even lower than the corresponding values by KD potential. We look through the details by considering dσ/dΩ of 58 Ni in Fig. 20 . The present predictions, measurements and phenomenological KD results are consistent perfectly with each other in the entire energy region.
90 Zr is the only example for which the χ 2 /N is not particularly good. Therefore we compare the calculated dσ/dΩ for 90 Zr in Fig.21 . It is found that most theoretical values are consistent with the measurements, and the main deviations occur at specific incident energies such as 22.5 and 135.0 MeV. In addition, a very good performance of the MOP also occurs in the calculations for p + 208 Pb, as shown in Fig. 22 . The predicted analyzing power A y (θ) and spin rotation function Q(θ) of proton scattering from 208 Pb at E p = 80 and 200 MeV are plotted in Fig. 23 . The predicted phases of A y (θ) and Q(θ) look well, whereas the amplitudes are not ideal, which remain to be improved in the future. In addition, in order to show more results of other nuclei, we also plot A y (θ) of 56 Fe and 58 Ni in Fig. 24 , where the applied experimental data are listed in Table IX . It is shown that the amplitudes of A y (θ) by MOP are better around the lower energy region. The central attempt of this study is to present an optical model for nucleon-nucleus scattering, which is based on a microscopic calculation of the nucleon self-energy in nuclear matter. After adjustment of very few parameters, the new optical potential reproduces many nucleon scattering data for target nuclei across the whole nuclear mass table of stable isotopes between 12 C to 208 Pb at nucleon incident energies from 1 MeV to 200 MeV. The hope is that this approach for a microscopic optical potential yields reliable predictions also for unstable target nuclei, since an extrapolation in this unstable region should be more reliable than a pure phenomenological fit with more fit parameter. Of course, the specification of a sound nuclear structure for targets, especially for exotic nuclei remains to be progressed.
The microscopic basis of this study are Dirac Brueckner Hartree-Fock calculations of nuclear matter using realistic forces, which have been adjusted to describe nucleon-nucleon scattering phases. One of the basic features of this relativistic approach is that it provides a specific energy-dependence for the optical model and also predicts a spin-orbit term without the need to introduce any additional parameters (see e.g. [17] ).
The complex isospin dependent self-energies are extracted from the DBHF approach with projection techniques using the Bonn-B bare N N interaction. The MOP with Bonn A has also been tested and the results show that the prediction of the scattering for finite nuclei is not very sensitive to the choice of a realistic nucleon force, Bonn A or Bonn B. Therefore, Bonn-B has been adopted following our pilot study [16] . The present MOP is very strictly built on the DBHF calculations in nuclear matter at ρ > 0.08 fm −3 by means of the improved local density approximation. For the purpose of describing the observables of scattering, we construct the optimization method according to the annealing algorithm. The range factors in ILDA and the scalar and vector potentials below 0.08fm −3 are extracted using this method from the experimental data of 40 Ca as an example for isospin symmetric nuclei and 208 Pb for isospin asymmetric nuclei. Then they are applied for many nuclei and energy regions. Good predictions for most nuclei are achieved by the resulting MOP only with the free parameter t. The results of the MOP are of a quality, which is comparable to the widely used phenomenological Koning-Delaroche (KD) global potential. A bit of imperfection still exists in both n+A and p+A systems for specific target nuclei. Certainly, it is impossible to depict all quantities in a perfect way within the spherical nuclear OM and the present MOP, especially for the strongly deformed nuclei around rare earth and actinide. Also it should be kept in mind that the MOP is based on a microscopic study of nuclear matter. Therefore all features, which are related to surface excitation, e.g. the particle-vibration coupling, are not explicitly taken into account. Such features shall be included in future studies. Moreover we plan to make the present MOP available in form of an interactive webbased application. 
